Antioxidant activities of the n-hexane, ethyl acetate and methanol extracts of three indigenous leafy vegetables of North East India viz., Polygonum microcephallum, Oxalis corniculata and Portulaca oleraceae were measured by spectroscopic methods using the 1, 1-diphenyl-2-picrylhydrazyl (DPPH • ) radical assay and xanthine/xanthine oxidase assay. The total phenolic and total flavonoid contents of each extract were also measured to assess their effect on the antioxidant activity. It was observed that the methanol extracts of all the species showed the highest antioxidant activities and high values for total phenolic and flavonoid contents. A strong correlation between the antioxidant activities and the total phenolic content was observed for the three vegetables. It indicates that phenolics are one of the main components responsible for the antioxidant behavior of vegetables. HPLC analysis showed the presence of a number of identified phenolic compounds.
North-east India is home for a large number of medicinal plants. People of this region have diverse food habits, which include many medicinal vegetables and preserved food items. Some of these are used not just for the treatment of specific diseases, but also for good general health. These types of plants have not attracted much attention of researchers, but it is pertinent to study their antioxidant activities, as these are believed to enhance resistance to various diseases. These are not only important for their medicinal values, but also for their prophylactic uses. The objectives of the present study were to determine the antioxidant activity, total phenol and total flavonoid content of the different extracts of three indigenous medicinal vegetables of North-east India. In addition, a correlation between them was also studied. The plants under study are listed in Table 1 , with details.
The n-hexane, ethyl acetate and methanol extracts of all three plants investigated were found to reduce DPPH within 30 minutes ( Table 2 ), in a concentration dependent manner. The methanol extracts of all three species showed the highest DPPH radical scavenging activity (O. corniculata -88.3%, P. oleracea -96.8% and P. microcephallum -92.6%) at a concentration of  4 mg dry extract/mL of solvent. These percentages can be considered as full absorption inhibition of DPPH, because after completion of the Oxalis corniculata L.
[Oxalidaceae]
Whole plant. As additive vegetable in fresh form.
Added to curries to give a sour and cooling taste.
3.
Portulaca oleracea L.
[Portulacaeae]
Tender shoots. As additive vegetable in fresh form.
Added to curries to give a sour and cooling taste. reaction, the final solution always possesses some yellowish color and, therefore, its absorption inhibition compared with colorless methanol solution cannot reach 100%.
The ethyl acetate and n-hexane extracts were considerably less effective radical scavengers than the methanol extracts, with the ethyl acetate extracts being more active than the n-hexane extracts. The results provided in Table 2 demonstrate that the highest antiradical activity was exhibited by the methanol extract of P. oleracea.
The NBT/XO superoxide radical scavenging assay relies on the competition between test substrate and nitro blue tetrazolium chloride (NBT) for superoxide anion generated by the xanthine/xanthine oxidase system. The decrease in absorbance at 560 nm with antioxidants thus indicates the consumption of superoxide anion in the reaction mixture. [5] .
The results in Table 3 show that of the extracts tested, the methanol extracts of all three plants had the highest superoxide anion radical scavenging potential in comparison with their n-hexane and ethyl acetate extracts, although the ethyl acetate extracts were also good superoxide anion inhibitors. Of the three medicinal plants, O. corniculata had the best superoxide anion radical scavenging activity, followed by P. oleracea and P. microcephallum. Phenolics constitute one of the major groups of compounds acting as primary antioxidants. Hence, it was reasonable to determine their total amount in the selected plant extracts. The phenolic compounds were estimated under basic conditions using the Folin-Ciocalteu reagent (FCR) method; the results are expressed in terms of gallic acid equivalents (GAE) ( Table 4 ). The results showed high total phenolic contents (TPC), with gallic acid equivalents from 3.0 ± 0.005 to 108.6 ± 0.01 mg/g of extract.
The highest values were obtained for the methanol extracts of each of the three species. As the antiradical activity was also found to be highest in the methanol extracts, a direct correlation between the antiradical activity and the TPC of these medicinal vegetables has been observed. Many flavonoids are found to possess effective radical scavenging activity because of their phenolic hydroxyl groups [8, 9] . The total flavonoid content (TFC) was determined by an aluminum chloride method using catechin as a reference compound.
The TFCs of the three medicinal vegetables are given in Table 5 . The content of flavonoids (mg/g), in catechin equivalents (CE), varied from 2.8  0.01 to 56.8 ± 0.04. Of the three extracts of each vegetable, the methanol extracts had the highest flavonoid contents, with that of O. corniculata being the highest (56.8 ± 0.04).
The free radical scavenging activities of the three medicinal vegetables determined by different methods were correlated to their TPC and TFC, as shown in Table 6 . For O. corniculata and P. oleracea, the maximum/highest correlations were found between the DPPH and NBT/XO assay (R = 0.997 and R = 0.999, respectively). P. microcephallum shows the lowest correlation between the DPPH and NBT/XO assay (R = 0.936).
The free radical scavenging activities were also correlated to their TPC. Both DPPH and NBT/XO assays show significant correlation with the TPC, which signifies a direct relationship between the TPC present in the plant extracts and their free radical scavenging activities. Similarly, strong positive correlations were also found for free radical scavenging activities and the TFC of the plant extracts (Table 6 ). These results signify a direct relationship between the total phenolic content, including total flavonoids, of the plant extract and their free radical scavenging activities. (Table 7 ). 
Conclusion
The methanol extracts of the three medicinal vegetables showed high antiradical activity in both DPPH and NBT/XO assays. The methanol extracts were also found to be rich in TPC and TFC. The results of this study clearly show the presence of subtantial amount of phenolic and flavonoid components in the three plant species, which can be considered as good sources for medicinal and food application. A strong correlation was observed between DPPH and NBT/XO assay. 
Experimental

Plant materials and chemicals:
Preparation of crude plant extracts:
The plant materials were cut into small pieces, shade dried for about a week and then crushed to make coarse powder. The dried powder was extracted with nhexane, ethyl acetate and methanol using a Soxhlet apparatus. The extracts were concentrated under reduced pressure with the help of a rotary vacuum evaporator. The residues were used to carry out radical scavenging assay.
Free radical scavenging activity: DPPH Assay:
The scavenging activity of DPPH by the different plant extracts was determined by a slightly modified spectrophotometric method of Brand-Williams [10] . A solution of DPPH in methanol was prepared daily, before UV measurement. From this stock solution, for each measurement, 0.2 mL of DPPH solution was made up to 3 mL by adding methanol to make a test solution (0.07 mM). The absorbance of the test solution was recorded at 517 nm. Antioxidant activity of the plant extract was studied by adding 0.1 mL, 0.2 mL, 0.3 mL and 0.4 m of the stock solution of the extract, separately to a test solution of DPPH. The solution was shaken well and incubated in the dark for 30 minutes at room temperature. The decrease in absorbance was measured at 517 nm and was compared with a control of methanol in a Hitachi UV-visible spectrophotometer. The percentage inhibition of the radicals due to the antioxidant properties of the plant extract was calculated using the formula:
Superoxide anion radical scavenging activity: NBT/XO assay:
The method of Kirby and Schmidt was used [5] . Reagents were prepared in 50 mM KH 2 PO 4 -KOH buffer, pH 7.6. The reaction mixture contained 20 µL 15 mM Na 2 EDTA (pH 7.6), 30 µL of 3 mM xanthine, 1 mL of 0.6 mM NBT, 500 µL of xanthine oxidase solution (1 U in 10 mL buffer) and 100 µL of plant extracts in buffer (a diluted sonicated solution of 10 mg /250 mL buffer) or 150 µL of KH 2 PO 4 -KOH buffer (as control). The reaction was initiated by the addition of xanthine oxidase at 37°C and superoxide anion radical (O 2 -• ) production was evaluated spectrophotometrically by monitoring the reduction of NBT to nitro blue diformazan at 560 nm. Results were expressed as a percentage of inhibition of the superoxide radical calculated by equation (1).
Determination of total phenolic content (TPC):
The amounts of total phenolics in the plant extracts were determined by the Folin-Ciocalteu reagent (FCR) method [6, 7] . To 1.5 mL of a dilute extract of each plant, 5 mL of 10% diluted FCR and 4 mL of aq. Na 2 CO 3 (7.5%) were added and the resulting mixture was allowed to stand for 30 minutes, and the total phenolics were determined using an UV-Visible spectrophotometer at 760 nm. The average of triplicate measurements was used to calculate the phenolic content as mg gallic acid equivalents (GAE) / g dry weight of the plant extract. Gallic acid was used for the preparation of standard curve.
Determination of total flavonoid content (TFC):
TFC was determined by the aluminum chloride colorimetric method [11] . The calibration curve was prepared by preparing catechin solutions at different concentrations (20-100 mg/L). A 1 mL aliquot of appropriately diluted sample or standard solutions of catechins (20, 40, 60, 80 and 100 mg/mL) was added to a 10 mL volumetric flask containing 4 mL double distilled water. At zero time, 0.3 mL 5% NaNO 2 was added to the flask. After 5 min, 0.3 mL 10% AlCl 3 was added. At 6 min, 2 mL of 1M NaOH was added to the mixture followed by addition of 2.4 mL distilled water. Absorbance of the resulting pink mixture was determined at 510 nm versus the prepared water blank. The amounts of flavonoids in the plant extracts were expressed in mg catechin equivalents/g dry weight of the plant extract.
Statistical analysis:
All analyses were performed in triplicate. The data were recorded as means ± standard deviations (SD). Correlation coefficients (R) to determine the relationship between two variables (between radical scavenging activities and TPC and TFC) were calculated using MS Excel Software (CORREL statistical function).
HPLC analysis: HPLC analysis was accomplished on a Shimadzu
Prominence HPLC instrument equipped with a manual injector, a programmable wavelength photodiode array (PDA) UV detector (200-400 nm) and a modified silica gel (C 18 ) column. The flow rate was 1 mL/min and the injection volume was 20 µL. The mobile phase was a binary solvent system consisting of (A) water: acetonitrile (91:9) with 2% acetic acid, and (B) acetonitrile: water (80:20) with 2% acetic acid. The compounds were identified by comparing with a standard of each identified compound using the retention time and the absorbance spectrum profile.
